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1
DUAL CRANKSHAFKT ENGINES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part of application
Ser. No. 12/506,567 filed on 21 Jul. 2009 which 1s a continu-
ation-in-part of application Ser. No. 11/758,177, filed Jun. 3,
2007, and claims the benefit under 35 U.S.C. §119 of U.S.
application Ser. No. 60/807,896, filed Jul. 20, 2006.

FIELD OF THE INVENTION

The mvention relates to engines and 1n particular to engines
in which some cylinders can be disabled for the purpose of
conserving fuel at times when maximum power 1s not
required. Some embodiments of the invention provide control
systems which facilitate fault-tolerance and provide evenly
distributed engine wear.

BACKGROUND

Internal combustion engines are sized to power loads
expected 1n specific applications. In cases where expected
loads can vary widely an engine must be sized to power the
maximum load required by the application. For example, an
engine 1n a vehicle should deliver sutficient power to achieve
a desired acceleration when the vehicle 1s fully loaded. A
problem in many applications is that the average power output
required of an engine can be much lower than the maximum
power output required by the application. This can result in
lower than optimal fuel efficiency.

U.S. Pat. No. 6,318,310 B1, granted Nov. 20, 2001 to
Clarke, discloses a dual mode internal combustion engine
which may operate 1n either a power mode or an efficient
mode. The engine has two four-cycle combustion chambers
and a two-cycle compression/expansion chamber. The valve
system 1s set up to mntroduce a fluid charge 1nto the compres-
sion/expansion cylinder during the power mode. The fluid
charge 1s compressed in the compression/expansion chamber
and one of the combustion chambers. During the efficiency
mode, the fluid charge 1s expanded first 1n one of the combus-
tion chambers and further expanded 1n the compression/ex-
pansion chamber.

U.S. Pat. No. 7,080,622 B1, 1ssued Jul. 25, 2006 to Belloso,
discloses a multi-cylinder internal combustion engine for a
vehicle which 1s divided into at least two power producing,
sub-units designated primary and secondary sub-units. The
primary sub-unit operates during all powered movement of
the vehicle. The secondary sub-unit 1s activated only when
additional power 1s needed. When 1nactive, no fuel 1s deliv-
ered to the secondary sub-umit, and there 1s no movement of
its components. Each sub-unit has 1ts own crankshaft. The
crankshaits are connected by a clutch mechanism interactive
with a single output shaft that delivers power to wheels of the
vehicle.

U.S. Pat. No. 7,032,385 B2, 1ssued Apr. 25, 2006 to Gray,
Ir., discloses an internal combustion engine for a vehicle
which provides varniable displacement by selectively driving
one or more engine crankshafts mounted within an engine
block. In several embodiments, the crankshatts are connected
to a common output shaft with a one-way clutch between the
common output shaft and at least one of the crankshafts. In
one aspect, starter gearing 1s independently associated with
cach of the first and second crankshaits and a starter is pro-
vided for selective engagement with the starter gearing of
either ol the crankshafts. In another aspect, an accessory drive
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for driving accessory systems of the vehicle receives power
from any crankshaft which 1s operating, yet 1s 1solated from
any crankshaft that 1s not operating by a one-way clutch.
There remains a need for improved efficiency internal com-
bustion engine systems for vehicles and other applications.

SUMMARY OF THE INVENTION

This mvention has various aspects. One aspect provides
engine systems having two or more power units. Outputs of
the power units are combined using freewheeling mecha-
nisms such that power may be delivered by one of the power
units or by a combination of the power units. A control system
starts and stops the power units on demand to supply the
required load.

In some embodiments, an engine system comprises first
and second internal combustion power units. Each of the
power units comprises a crankshait driven by at least one
reciprocating piston; an air intake system comprising an air
shut off valve controlled by an actuator; and a freewheeling
mechanism. A power transmission 1s coupled to receive
power from the power units by way of the freewheeling
mechanisms. A control system configured to close the air shut
off valve on an auxiliary one of the first and second power
units i response to a power demand being below a threshold.
Closing the air shut-off valve may be combined with other
actions to shut down the auxiliary power unit when 1t 1s not
required. For example, the controller may shut off an 1gnition
system and/or a fuel injection system of the auxiliary power
unit when power from the auxiliary power unit is not needed.

Further aspects of the mvention and features of example
embodiments of the invention are described below and/or
illustrated in the accompanying drawings.

DRAWINGS

Example embodiments are 1llustrated 1n the drawings. The
depicted embodiments are to be considered illustrative rather
than restrictive.

FIG. 1 1llustrates a side cut-away view of one of a pair of
three-cylinder/piston selif-supercharging engines during the
air/Tfuel intake cycle of the first piston/cylinder.

FIG. 2 1llustrates a side cut-away view of one of a pair of
three-cylinder/piston selif-supercharging engines during the
air/Tuel compression cycle of the first piston/cylinder.

FIG. 3 illustrates a side cut-away view of one of a pair of
three-cylinder/piston self-supercharging engines during the
combustion cycle of the first piston/cylinder.

FIG. 4 illustrates a side cut-away view of one of a pair of
three-cylinder/piston self-supercharging engines during the
exhaust cycle of the first piston/cylinder.

FIG. 5 15 a front cut-away view of a pair of three cylinder/
piston supercharging engines with dual crankshafts.

FIG. 6 1s a top cut-away view of a pair of three cylinder/
piston supercharging engines with dual crankshafts.

FIG. 7 1s a front cut-away view of a pair of three cylinder/
piston supercharging engines with dual crankshaftts, includ-
ing a freewheeling mechanism on one of the crankshafts.

FIG. 8 1s a top cut-away view of a pair of three cylinder/
piston supercharging engines with dual crankshafts, includ-
ing a freewheeling mechanism on one of the crankshaits.

FIG. 9 15 a front cut-away view of a pair of three cylinder/
piston supercharging engines with dual crankshafts, includ-
ing freewheeling mechamisms on both crankshafts.

FIG. 10 1s a top cut-away view of a pair of three cylinder/
piston supercharging engines with dual crankshafts, includ-
ing a freewheeling mechanism on both crankshatits.
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FIG. 11 1s a front cut-away view of a pair of three cylinder/
piston engines with dual crankshaits and freewheeling

mechanisms on both crankshafts.

FI1G. 12 1s a top cut-away view of a pair of three cylinder/
piston engines with dual crankshafts, which can be two-cycle
or four-cycle engines, and freewheeling mechanisms on both
crankshafts.

FIGS. 13 to 16 are schematic views of an engine system
showing details of a control system configured to turn power
units on and off in response to load on the engine system
according to an example embodiment.

FIG. 17 1s a schematic block diagram showing a control
system according to another example embodiment.

DETAILED DESCRIPTION

Throughout the following description specific details are
set forth 1n order to provide a more thorough understanding to
persons skilled in the art. However, well known elements may
not have been shown or described 1n detail to avoid unneces-
sarily obscuring the disclosure. Accordingly, the description
and drawings are to be regarded 1n an illustrative, rather than
a restrictive, sense.

One aspect of the mvention provides mternal combustion
engine systems that comprise first and second internal com-
bustion power units that can be started independently. A
power transmission system transmits power to a driven load.
Under low load conditions one of the power units may be
running while the other 1s shut off. Under higher load condi-
tions both power units may be running and used to deliver
power. Such systems may be applied 1n vehicles or 1n station-
ary applications.

The power units may operate according to various power
cycles. For example, the power units may operate on a two-
stroke power cycle or a four stroke power cycle. The power
units may be fuel-injected, carbureted or have other fuel
systems. The power units may burn gasoline, diesel fuel,
gaseous fuels (e.g. propane, natural gas, hydrogen) or other
tuels. The power units may have spark 1gnition, compression
1gnition or other 1gnition systems. The power units may com-
prise any kind of internal combustion reciprocating piston
engines.

The internal combustion power units may comprise sepa-
rate engines. In some embodiments the internal combustion
power units share a common engine block. In such embodi-
ments, each power unit may comprise a crankshaitt and one or
more pistons coupled to drive the crankshait. The crankshaifts
may be supported by a common structure. For example, the
engine system may have a crankcase that houses crankshatts
of two or more power units.

FIGS. 1 through 12 illustrate one example of an engine
system having first and second power units that can be inde-
pendently started. The engine system 1llustrated in FIGS. 1 to
12 1s a self-supercharging engine. Self-supercharging power
units are desirable 1n many applications but are not a required
feature.

The self-supercharging internal combustion engine system
illustrated 1 FIG. 1 comprises two power units which each
comprise three cylinders with three reciprocal pistons con-
nected to drive a respective crankshaft. Two of the pistons in
respective cylinders 1 each power unit fire 1n alternation
while the third piston and cylinder 1n each power unit 1s a
supercharging piston which receives air/fuel, compresses it
and delivers the compressed air/fuel to the first or second
cylinder in the power unit 1n alternating order.

The area of the supercharging piston and cylinder in each
power unmit may be, for example, at least double the area of the
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two power pistons 1n order to provide a supercharging ettect.

Various arrangements of the cylinders in each power unit are

possible. For example, the two power pistons and cylinders in

cach power unit may be located 1n a line on either side of the
supercharging piston and cylinder. As another example, the

cylinders of each power unit may be arranged in a “V’’-

coniiguration.

For higher power applications, each power unit may be
made with more cylinders or more power units may be pro-
vided. In some embodiments the engine system has a number
of cylinders which 1s a multiple of 6.

In one embodiment, two power units are arranged 1n par-
allel. A construction providing parallel in-line power units
can be advantageous because this configuration can be made
to provide better mechanical balancing and less vibration
than some other configurations.

FIG. 1 1s a side cut-away view of one of the pair of three-
cylinder/piston self-supercharging power units during the air/
tuel intake cycle of the first piston/cylinder. As seen 1n FI1G. 1,
the middle cylinder 30 and piston 31 are at least twice as large
in area as each of the adjacent cylinders 1 and 2 and respective
pistons 3 and 4. This design provides a supercharging effect
when compressed air/fuel 1s delivered from cylinder 30 to
either cylinder 1 or 2, as dictated by respective valves 5 or 6.
FIG. 1 also shows a fuel injector 52 over cylinder 30 and
freewheeling mechanism 34 and gear 45 at the front of crank-
shaft 39.

As seen 1n FIG. 1, the operation of the three pistons and
cylinders during the air/fuel 1ntake cycle of the first piston/
cylinder 1s described as follows:

Cylinder 1: As crankshaft 39 rotates, piston 3 moves down-
ward. Exhaust valve 7 1s closed. Air/fuel intake valve 5 1s
open so that compressed pre-mix air/fuel 1s passed nto
piston cylinder 1 from middle cylinder 30.

Cylinder 30: As crankshait 39 rotates, large piston 31 moves
upward. Air/fuel intake valve 36 1s closed. Pre-mixed air/
tuel 1s compressed and delivered to cylinder 1 through
intake port 17 and open valve 5.

Cylinder 2: As crankshait 39 rotates, air/fuel intake valve 6
and exhaust valve 8 are closed. Spark plug 10 1s 1gnited at
the top of cylinder 2 1n area 21. The power generated by the
1gnited compressed air/fuel mixture 1n cylinder 2 pushes
piston 4 downward.

FIG. 2 illustrates a side cut-away view of one of the pair of
three-cylinder/piston self-supercharging power units during
the air/fuel compression cycle of the first piston/cylinder. The
operation of the three piston and cylinders during the air/fuel
compression cycle 1s described as follows:

Cylinder 1: As crankshait 39 rotates, air/fuel intake valve 5
and exhaust valve 7 are closed. Piston 3 moves upward so
that pre-mix air/fuel received from cylinder 30 during the
first stage shown 1n FIG. 1 1s compressed 1n cylinder 1.

Cylinder 30: As crankshait 39 rotates, middle cylinder piston
31 moves downward. Air/fuel intake valve 36 1s open. Air
and fuel from fuel injector 52 are drawn mto middle cyl-
inder 30 through air/fuel intake port 33.

Cylinder 2: Air/fuel intake valve 6 1s closed and exhaust valve
8 1s open. Piston 4 moves upward. Exhaust from burnt gas
in cylinder 2 1s exhausted to atmosphere through exhaust
port 24.

FIG. 3 illustrates a side cut-away view one of the pair of
three-cylinder/piston self-supercharging power units during,
the combustion cycle of the first piston/cylinder. The opera-
tion of the three piston and cylinders during this combustion
cycle 1s described as follows:

Cylinder 1: As crankshait 39 rotates, air/fuel intake valve 5

and exhaust valve 7 are closed. Spark plug 9 1gnites the
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compressed air/fuel mixture 1n combustion chamber 1.
Piston 3 1s forced downward by the burning air/fuel mix-
ture.

Cylinder 30: As crankshaft 39 rotates, middle cylinder piston
31 1s moving upward. Air/fuel intake valve 36 1s closed.
The compressed air/fuel mixture 1n cylinder 30 1s forced
into cylinder 2 through open air/fuel intake valve 6.

Cylinder 2: As crankshaft 39 rotates, piston 4 1s moving
downward while exhaust valve 8 1s closed. Since air/fuel
intake valve 6 1s open, pre-mix air/fuel from cylinder 30 1s
delivered into cylinder 2.

FI1G. 4 1llustrates a side cut-away view of one of the pair of
three-cylinder/piston self-supercharging power units during,
the exhaust cycle of the first piston/cylinder. The operation of
the three pistons and cylinders during this exhaust cycle 1s
described as follows:

Cylinder 1: As crankshaft 39 rotates, piston 3 1s moving
upward while air/fuel intake valve 5 1s closed. Exhaust
valve 7 1s open so that the exhaust gas i cylinder 1 1s
vented to atmosphere.

Cylinder 30: As crankshaft 39 rotates, middle piston 31 1is
moving downward while air/fuel intake valve 36 1s open.
Aitr and fuel from fuel imjector 52 are taken 1nto middle
cylinder 30 through open air/fuel intake port 33.

Cylinder 2: As crankshaft 39 rotates, piston 4 1s moving
upward while air/fuel intake valve 6 and exhaust valve 8 are
closed. Air/fuel pre-mix recerved previously from cylinder
30 1s compressed 1n cylinder 2.

FIG. § 1s a front cut-away view of a pair of three cylinder/
piston supercharging power units, identified as “A” and “B”
with dual crankshaits. In FIG. 5, two sets of three piston/
cylinder combinations are arranged in parallel, each con-
nected by connecting rods 23 to separate crankshaits 39 (see
FIG. 6) also arranged 1n parallel. The two crankshafts 39 are
connected by meshing gears 45.

FIG. 6 1s a top cut-away view of a parallel pair of three
cylinder/piston supercharging power units with a pair of par-
allel crankshafts 39 and meshing gears 45 at the front of each
crankshatft.

FIG. 7 1s a front cut-away view of an engine system com-
prising a pair of three cylinder/piston supercharging power
units 1dentified as “A”” and “B”’, with dual crankshatts, includ-
ing a freewheeling mechanism 34 on one of the crankshafts.

FIG. 8 1s a top cut-away view ol a pair of three cylinder/
piston supercharging engines, with dual crankshafts, identi-
fied as “A” and “B”, including a freewheeling mechanism 34
on one of the crankshatts 39. The two gears 45 mesh with one
another.

A freewheeling mechanism is a one-way drive mechanism.
Automotive Mechanics, Willilam H. Crouse, 6th Edition,
McGraw-Hill, Chapter 31, discloses an example freewheel-
ing mechanism. In a freewheeling mechanism, positive drive
1s provided by a first shaft or wheel on a second shait or wheel.
However, the second shalt or wheel cannot drive the first
wheel or shaft. When the first shait or wheel 1s slowed or
stopped, the second shaft or wheel “ifreewheels™, and contin-
ues turning. In the context of clutches, or planetary gear sets,
the freewheeling mechanism 1s sometimes described as an
overrunning clutch. Freewheeling mechamisms can include
sprag clutches, centrifugal clutches, bicycle clutches, sole-
noid clutches, hydraulic clutches, pneumatic clutches, or
other suitable clutches.

With the freewheeling mechanism 34 installed on the “A”
crankshaft, as shown in FIGS. 7 and 8, the two pistons 60 and
64, powered by fuel injected in the air/fuel compression
chamber above piston 62, drive the “B” crankshaft and this
action 1s transferred via gear 45 to the “A” crankshait. Like-
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6

wise, the two pistons 3 and 4, powered by fuel injected 1n the
compression chamber 30 above piston 31, drnive the “A”
crankshaft.

Coupling the outputs of the first and second power units
using a freewheeling mechanism permaits the first and second
power units to be independently controlled. For example,
when a vehicle driven by the engine system 1s coasting, or the
engine system 1s 1dling, fuel to the “B” set of three pistons
may be continued while fuel to the “A” set of three pistons 3,
31 and 4 may be stopped or reduced, thereby conserving fuel.
Freewheeling mechanism 34 permits the “B” crankshatt to
keep turning while the “A” set of pistons can idle or be
stopped and the “A” crankshait can turn more slowly than the
“B” crankshatt or be stopped.

FIG. 9 1s a front cut-away view of an engine system accord-
ing to a third example embodiment comprising a pair of three
cylinder/piston supercharging engines with dual crankshafts,
including freewheeling mechanisms 34, 66 on both crank-
shafts. FIG. 10 1s a top cut-away view of the engine system
show 1n FIG. 9.

When a second freewheeling mechanism 66 1s installed on
the “B” crankshaft, as shown in FIGS. 9 and 10, 1t 1s possible
to 1dle either the “A” crankshaft and piston/cylinder combi-
nation, or the “B” crankshaft and piston/cylinder combination
while continuing to run the other crankshatt and piston/cyl-
inder combination. In this way, wear over time can be equal-
1zed over time 1n the engine. Wear tends to occur at a higher
rate 1n the crankshaftt and piston/cylinder combination that 1s
powered, than 1n the 1dle crankshait and piston/cylinder com-
bination. Utilizing two freewheeling mechanisms, one on
cach crankshatt, enables one crankshatt piston/cylinder com-
bination to be the power train for a time, and then the other
crankshaift piston/cylinder combination to be the power train
for a time.

With a freewheeling mechanism installed 1n each crank-
shaft, the engine can be controlled by a PCMS (program
computer monitor system ) or a PCM (power control module)
to enable alternate crankshatt operation. For instance, the “A”
crankshaft can run as the primary power train for 5,000 km
and then become the 1dle train. The “B” crankshait can then
be run as the primary power train until 1t reaches 5,000 km,
with the “A” crankshait as the idle train. In this way, engine
wear 1s equalized 1n both crankshait combinations, thereby
prolonging the life of the engine.

Another advantage of the dual freewheeling mechanism
configuration 1s that if, for example, the power unit compris-
ing crankshatt “A” breaks down, the vehicle does not need to
be towed because 1t can be driven to a garage for repair by
using the power unit comprising crankshatt “B” as the power
train.

FIG. 11 1s a front cut-away view of a fourth example
embodiment 1including a pair of three cylinder/piston power
units with dual crankshafts and freewheeling mechanisms on
both crankshaits. The power units 1n this fourth embodiment
can be two-cycle or four-cycle engines.

FIG. 12 1s a top cut-away view of a pair of three cylinder/
piston power units with dual crankshafts and freewheeling
mechanisms on both crankshafts. The dual crankshait, dual
freewheeling embodiment 1llustrated 1n FIGS. 11 and 12 can
be operated 1n the same manner as the third embodiment that
1s 1llustrated 1n FIGS. 9 and 10 and discussed above. There 1s
no self-supercharging capability in the fourth embodiment
illustrated in FIGS. 11 and 12 because the pistons and cylin-
ders are all of equal diameter.

FIGS. 13 to 16 illustrate a control system that may be
applied to control power units in an engine system. In these
embodiments the power units are shown as being separate.
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However, the power units may and preferably do share a
common engine block. In some embodiments the power units
are the same. The power units may each have the same num-
ber of cylinders. Power from the power units 1s transmitted by
way of a transmission that allows either of the power units to
continue to run at a desired rpm while the other power unit 1s
shut off or 1dling. This may be achieved, for example, by
providing freewheeling mechanisms as discussed above. By
way of example only, the engine system may have an overall
configuration as illustrated 1in FIGS. 9 and 10 or 11 and 12.

Engine system 100 comprises a first power unit 100A and
a second power unit 100B. Power units 100A and 100B
comprise air intake systems 102 A and 102B, 1gnition systems
104A and 104B and starters 106 A and 106B. Cylinders, pis-
tons and other components of power units 100A and 100B are
omitted from FIGS. 13 to 16 for clarity. A selector system 105
controls which one of power units 100A and 100B will be the
auxiliary power unit that can be shut down or idled when not
needed.

The electric circuits for operating starters 106 A and 1068
include o1l-pressure controlled starter control switches 107A
and 107B respectively. When the associated power unit 100A
or 100B 1s running then the corresponding o1l-pressure con-
trolled switch 107 A or 107B 1s open so that the corresponding,
starter 106 A or 106B cannot be energized.

Air mtake systems 102A and 102B respectively comprise
air shut off valves 110A and 110B respectively operated by
actuators 112A and 112B. Actuators 112A and 112B also
respectively control switches 114A and 114B which are con-
nected 1n circuits that supply power to ignition systems 104 A
and 104B respectively. A power unit can be shut down by
operating the corresponding actuator 112A or 112B to close
the corresponding air shut off valve 110A or 110B and to
disable the corresponding ignition system 104A or 1048 by
way of 1gnition control switch 114A or 114B.

An accelerator pedal or other throttle control 120 1s con-
nected to control the positions of throttle valves 122A and
1228 by way of linkages 123 A and 123B. When a power unit
1s runmng, the power output may be controlled by way of the
throttle control 120. Fuel 1s introduced by way of carburetors
121A and 121B.

FIG. 13 shows the engine system 100 with both power units
100A and 100B off. Air shut off valves 110A and 110B are
closed. Ignition systems 104A and 104B are disabled by
ignition control switches 114A and 114B. Since neither
power unit 1s developing o1l pressure, starter control switches
107A and 107B are closed so that the power units can be
started. In FIG. 13, selector system 103 1s set so that power
unit 100A 1s acting as the main power unit and power unit
100B 1s acting as an auxiliary power unit.

FI1G. 14 shows the engine system 100 with both power units
100A and 100B running at full throttle. Air shut off valves

110A and 110B are open. Ignition systems 104A and 104B
are enabled by 1gnition control switches 114A and 114B.
Since both power units are developing oil pressure, starter
control switches 107A and 107B are open so that starters
106A and 106B cannot be operated.

Starting from the ‘OFF’ configuration illustrated in FIG.
13, a user can control engine system 100 to switch to the full
throttle configuration illustrated mm FIG. 14 by applying
throttle control 120 with 1gnition key 124 turned on. When
this occurs, throttle position switch 130A 1s closed in
response to the throttle being applied. This allows electrical
power to be delivered to actuator 112 A from battery 131 by
way ol wire 132, 1gnition key switch 124, wire 133, throttle
position switch 130A and wire 134A. Actuator 112A then

opens air shut off valve 110A and operates switch 114A by
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way ol linkage 136A to supply power to enable 1gnition
system 104 A and to operate starter 106 A. As soon as power
unit 100A 1s running it generates o1l pressure which disables
starter 106 A by way of starter control switch 107A.

Power unit 100B 1s started 1n the same manner as power
unit 100 A when throttle position switch 130B 1s closed by the
operation of throttle control 120.

FIG. 15 illustrates a configuration where power unit 100A
1s running but power unit 100B has been shut down. A user
can cause engine system 100 to switch from the configuration
shown 1n FIG. 14 with both power units running to the con-
figuration shown in FIG. 15 with the auxiliary one of the
power units (in this case power unit 100B) shut down by
moving throttle control 120 to or toward 1ts 1dle position.

When throttle control 120 1s moved toward 1ts 1dle position
it eventually causes throttle position switches 135A and 1358
to close. When this occurs, an electrical control input 1s sup-
plied by way of selector system 105 and throttle position
switch 135B to actuator 112B. The control input causes
actuator 112B to close air shut oif valve 110B and to disable
ignition system 104B—thereby turning oif power unit 100B.
Power unit 100A remains running because selector system
105 1s configured not to pass the control signal to actuator

112A.

FIG. 16 1s similar to FIGS. 13 through 15 except that
selector system 105 has been switched to make power unit
100B active as the main power unit while power unit 100A 1s
acting as the auxihiary power unait.

Selector system 105 may be controlled 1n various manners.
In some embodiments, selector system 103 1s operated 1n
response to readings of an odometer 140. For example, selec-
tor system 105 may be controlled to automatically toggle
between setting power unit 100B as the auxiliary power umit
(that can be shut down or 1dled when power demand 1s low)
and setting power unit 100A as the auxiliary power unit. This
toggling may occur, for example once every few kilometers,
once every few hundred kilometers, once every few thousand
kilometers or the like. The precise intervals at which toggling
of selector system 105 occurs 1s not particularly important. It
1s advantageous that, on average and over time, power units
100A and 100B each experience roughly the same number of
revolutions under load.

Selector system 105 may optionally or 1n the alternative
comprise a manual selector switch that permits a user to
manually select which power unit acts as the auxiliary power
unit. The user may, for example periodically manually change
the position of the selector switch.

Selector system 105 may optionally comprise switches that
force one of power units 100A and 100B to remain OFF. Such
switches may be manually controlled or controlled automati-
cally. Such switches may be used, for example, 1n a case
where one of power units 100A and 100B 1s experiencing
mechanical or other faults. In such cases, the faulty power unit
may be forced to stay OFF while the other power unit 1s made
the main power unit.

For the case where engine system 100 1s installed to drive
a vehicle 1t can be seen that a driver can achieve full power by
tully depressing throttle control 120. This causes both power
units to start if they are not already running. Where lower
power 1s needed (for example while driving down a hill or on
flat terrain) the drive will ease oif on throttle control 120. This
may allow whichever one of the power units that 1s currently
the auxiliary power unit to shut down. Driving continues
using the main power unit. If the driver encounters a hill or
needs to accelerate to pass or the like the driver can cause the
auxiliary power unit to start automatically by depressing
throttle control 120.
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The above description of FIGS. 13 to 16 has used electrical
control circuits as an example to illustrate a simple way 1n
which the mvention may be implemented. Other embodi-
ments may use a more sophisticated control system, such as a
programmable engine controller or the like that controls air
shut off valves 110A and 110B, ignition systems 104 A and
1048 and starters 106 A and 1068 by way of control signals
delivered by way of suitable signal lines. A manner of opera-
tion like that described above may be implemented by such a
control system. For example, 1n times of reduced power
demand one of the power units may be automatically shut
down or placed 1 a reduced power mode. In times of
increased power demand, both power units may be run
together to supply the required power.

In some embodiments, a control system takes as input one
or more of: a throttle position sensed by a throttle position
sensor and a computed engine load. In response to the control
input the control system determines whether to run only one
of the power units or whether to run both of the power units.
The control system may comprise a programmable processor
that automatically controls starting of the power units, as
needed, by way of starters 106 A and 106B and automatically
shuts off one or both of the power units under conditions of
low or no load. The control system may control each of air
shut off valves 110A and 110B to be closed when the associ-
ated power unit 1s not running.

In some embodiments the control system controls a fuel
injection system instead of or 1n addition to an 1gnition sys-
tem. In such embodiments the control system may be config-
ured to inhibit operation of the fuel injection system to shut
down an auxiliary power unit during times of low power
demand.

FIG. 17 1s a schematic block diagram showing an engine
system 200 which 1s controlled by an electronic control sys-
tem 202. Engine system 200 may operate 1n substantially the
same way as engine system 100. Engine system 200 has
power unmts 200A and 200B. Each power unit 200A and 2008
comprises an internal combustion engine that can be run
independently of the other. In some embodiments, power
units 200A and 200B share a common crankcase as described
above for power units 100A and 100B.

Control system 202 embodies logic that controls the opera-
tion of power units 200A and 200B. Specifically, control
system 202 controls starting and shutting down of power units
200A and 200B. Where power units 200A and 2008 comprise
clectronic engine controllers, control system 202 may be
separate from or integrated with such engine controllers. It
can be advantageous for control system 202 to be integrated
with one or more engine controllers that control power units
200A and 200B because control system 202 can usefully
apply information that 1s also usetul for and/or developed
during the operation of electronic engine control units.

In the 1llustrated embodiment, control unit 202 receives an
input from a throttle position sensor 203 connected to monitor
a position of a throttle control 120. Control unit 202 may
additionally or 1n the alternative recerve an input indicative of
the current load on engine system 200. Control system 202 1s
also connected to recerve signals indicative of the status and
proper functioning of power units 200A and 200B. For
example, control system 202 may recerve inputs from oil
pressure sensors 207A and 207B, fuel pressure sensors (not
shown), tachometers (not shown) and/or other sensors.

Control system 202 1s connected by way of suitable inter-
faces to control the running of power units 200A and 200B.
For example, control system 202 may be connected to con-
trol: some or all of starters 106 A and 106B, air shut off valves
110A and 110B (when present), fuel injection systems 211A
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and 211B (when present), and/or throttle valves 122A and
1228 (when present) of power units 200A and 200B.

By executing hard-wired or programmable logic, control
system 202 may assign roles (main power unit and auxiliary
power unit) to power units 200A and 200B—essentially per-
forming the same function as the selector system 105 1llus-
trated 1n FIGS. 13 to 16. Control system 202 may be config-
ured to switch these roles on the occurrence of certain
conditions. For example, control system 202 may be config-
ured to switch the roles of power units 200A and 200B upon
the occurrence of one or a combination of:

the main power unit has passed a certain number of crank-
shaft revolutions since the last role switch;

where the engine system 1s in a vehicle, the vehicle has
traveled a certain distance since the last role switch;

a product of load multiplied by time for the main power
unit has reached a certain accumulated value since the
last role switch;

the main power unit has consumed a certain amount of fuel
since the last role switch;

the main power unit 1s malfunctioning; and

the like.

In some embodiments, control system 202 implements a role
switch when engine system 1s re-started after a role-switch
event rather than switching roles of main and auxiliary power
units when engine system 200 1s running.

Control system 202 may switch main power unit 200A or
200B on when required (for example upon detecting that a
user has applied a control 1nput to throttle control 120) and
shut main power unit 200A or 200B off (for example when
there 1s no load on engine system 200 or when there has been
no load on engine system 200 for some time period).

When main power unit 200A or 200B 1s running, control
system 202 may automatically switch auxiliary power unit
200B or 200A on when required (for example, when the load
required from engine system 200 1s above a threshold). Con-
trol system 202 may automatically i1dle auxiliary power unit
200B or 200A or switch auxiliary power umt 200B or 200A
off when required (for example, where the load on engine
system 200 1s below a threshold).

While a number of exemplary aspects and embodiments
have been discussed above, those of skill 1in the art will rec-
ognize certain modifications, permutations, additions and
sub-combinations thereot. For example, the number of power
units 1n an engine system as described herein 1s not limited to
two. An engine system may comprise, 3, 4, 5 or more power
units. Each of the power units may comprise a desired number
of cylinders. For example, a power unit may have one, two,
three, four, five or more cylinders. In some embodiments, the
power units are the same. In other embodiments, one or more
power units are different from other ones of the power units.

The power units may all share a common engine block
and/or a common crankcase. In alternative embodiments, the
power units comprise separate engines and output power
from the power units are combined by a transmission system
that includes freewheeling mechanisms so that each of the
power units can be started or shut down independently while
any one or any combination of the power unmits may pass
power to a driven load by way of the transmission system. The
transmission system may comprise any suitable mechanisms
for transferring mechanical power including mechanisms
such as belts, chains, gears, shaifts, and the like.

It 1s therefore intended that the following appended claims
and claims hereafter introduced are interpreted to include all
such modifications, permutations, additions and sub-combi-
nations.
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What 1s claimed 1s:

1. An engine system comprising:

first and second internal combustion power units, each of

the power units comprising;

a crankshait driven by at least one reciprocating piston;
and

an air mtake system comprising an air shut off valve
controlled by an actuator; and

a freewheeling mechanism;

a power transmission coupled to receive power from the
power units by way of the freewheeling mechanism;

a control system configured to close the air shut off valve
on an auxiliary one of the first and second power units
in response to a power demand being below a thresh-
old.

2. An engine system according to claim 1 comprising a
selector system operable to selectively configure either one of
the first and second power units as the auxiliary power unait.

3. An engine system according to claim 2 wherein the
selector system comprises an odometer and 1s configured to
toggle between configuring the first power unit as the auxil-
1ary power unit and configuring the second power unit as the
auxiliary power unit based on distance traveled as determined
by the odometer.

4. An engine system according to claim 2 wherein the
selector system 1s configured to toggle between configuring
the first power unit as the auxiliary power unit and the second
power unit as a main power unit and configuring the second
power unit as the auxiliary power unit and the first power unit
as the main power unit based on the occurrence of one or a
combination of:

the main power unit has passed a certain number of crank-

shaft revolutions:

where the engine system 1s 1n a vehicle, the vehicle has

traveled a certain distance;

a product of load multiplied by time for the main power

unit has reached a certain accumulated value;

the main power unit has consumed a certain amount of fuel;

and

the main power unit 1s malfunctioning.

5. An engine system according to claim 4 wherein each of
the power units comprises an 1gnition system and the control
system 1s configured to disable the 1gnition system of the
auxiliary one of the first and second power units 1n response
to the power demand being below the threshold.

6. An engine system according to claim 35 wherein the
control system comprises a throttle position sensor and 1s
coniigured to control the air shut off valve and 1gnition of the
auxiliary power unit based on a throttle position determined
by the throttle position sensor.

7. An engine system according to claim 4 wherein each of
the power units comprises a fuel mjection system and the
control system 1s configured to disable injection of fuel by the
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fuel 1njection system of the auxiliary one of the first and
second power units 1n response to the power demand being

below the threshold.

8. An engine system according to claim 4 wherein the
crankshafits of the first and second power units are mounted 1n
a common crankcase.

9. An engine system according to claim 8 wherein each of
the power units comprises a starter operable to start the power
unit and the engine system comprises a circuit configured to
energize the starter of the auxiliary one of the power units 1n
response to a power demand exceeding a second threshold.

10. An engine system according to claim 9 wherein each of
the power units comprises a self-supercharging internal com-
bustion engine.

11. An engine system according to claim 9 wherein the
engine system comprises three or more of the power units.

12. An engine system according to claim 9 wherein the air
intake system of each of the power units comprises an intake
passage, the air shut off valve 1s located to restrict air from
flowing in the intake passage and the power unit comprises a
throttle valve located in the intake passage and operable to
control a flow of air in the intake passage.

13. An engine system according to claim 9 wherein each of
the power units comprises a separate lubricating o1l pump.

14. An engine system according to claim 13 wherein each
of the power units comprises an o1l-pressure activated switch
connected to inhibit operation of the starter for the power unit
when o1l pressure 1n the power unit exceeds a threshold.

15. A method for providing mechanical power to drive a
load, the method comprising:

providing a plurality of power units, each of the power

units comprising:

a crankshait driven by at least one reciprocating piston;
and

an air intake system comprising an air shut off valve
controlled by an actuator; and

a Ireewheeling mechanism;

delivering power to the load by way of a power transmis-

sion coupled to receive power from the power units by

way of the freewheeling mechanisms; and

in response to a power demand being below a threshold,

automatically shutting down an auxiliary one of the first
and second power units by closing the air shut-off valve
of the auxiliary power unit.

16. An engine system according to claim 1 wherein at least
one of the power units comprises a two-cycle engine.

17. An engine system according to claim 1 wherein at least
one of the power units comprises a four-cycle engine.

18. An engine system according to claim 1 wherein, 1n at
least one of the power units, the crankshait 1s driven by a
plurality of reciprocating pistons.
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